also examine correlations between the local density of these organisms, in order to judge whether predator or prey behavior predominates.
METHODS
The effect of predators on prey distribution was determined in hypereutrophic Stephenson Pond (< 2m deep, and 2 ha in area; 51°9'N, 114°16'W) near Calgary, Alberta (Rasmussen 1985) . The zoobenthic biomass was very high (>100 g fresh weight per m2) and the community consisted primarily of two species of chirono mid larvae and the predatory leech Nephelopsis obscura Verrill. The chironomid populations consisted almost entirely of Chironomus riparius Meigen (ca. 90%) and Glyptotendipes paripes (Edwards) (ca. 10%), and both exhibited univoltine life cycles with pupation, emergence, and oviposition confined almost entirely to the month of May. The life cycles, productivity, and growth of these organisms are discussed in detail elsewhere (Rasmussen 1984a,6 ).
Experiments were carried out during September 1980 by adding known quan tities of predators and prey to experimental enclosures within the pond and then determining changes in the spatial distributions over time. The enclosures were wooden structures (0.36 m2 square, 1.2 m high) with all sides covered by nylon cloth (0.2 mm aperture). (Rasmussen 1985 provides details of enclosure construc tion and installation.) We filled 22 enclosures to a depth of 15 cm with natural pond sediments that had been sieved (0.2 mm aperture) to remove all leeches and chironomids. Neither the larvae nor the leeches penetrated more than 8 cm into the sediment. Leeches were added to 10 of these enclosures at the ambient leech density in the pond (0.075 cm"2); 12 enclosures remained free of leeches. Chirono mid larvae were added to both sets of enclosures at a density range of 1-6 cm"2, covering the range of ambient population levels. Chironomid larvae were added as growing fourth instars, which is an instar of long duration (2-3 mo) and the least sensitive to sieving and manipulation (Rasmussen 1985) . The sediments in each enclosure were mixed in order to distribute the organisms randomly. Mean fresh weight of the chironomid larvae was 3.6 mg, and the mean weight of Nephelopsis was 64.5 mg at the time of the experiment.
Predator and prey spatial distributions were determined by replicate sampling 3 and 28 days after establishment of the experimental populations. Six replicate core samples (of 20 cm2 each) were removed from each enclosure. Samples were sieved, and the numbers of leeches and chironomids were determined in each. Differences in the spatial distribution of chironomids between enclosures with and without predators were assessed by fitting the function s2 = aMb (M is the average chironomid density, and a and b are fitted coefficients; L. Taylor 1961 Taylor , 1984 to each treatment and testing for differences between the coefficients (Steel and Torrie 1960 ). An analysis of covariance (ancova) of logs2 using logm as a covariate was used to test the hypothesis of equivalence of logs2: logm relationships in enclosures with and without predators. Such an analysis makes no assumptions regarding the constancy ofs2lm with m or the relationship between b and aggrega tion, but it considers the population with the highest s2, for a given m, the most aggregated. Correlations between predator and prey abundances in replicate core samples were determined using both nonparametric and parametric techniques.
RESULTS
The predators were randomly distributed after 3 days but prey were aggregated.
The ratio of variance to mean (s2/M) of 20-cm2 samples of predator populations averaged 0.78 (s = 0.32, n = 10 enclosures) after 3 days and 0.80 (s = 0.11, n = 10) after 28 days. A /-test indicates no significant departure from s2/M = 1 on either date (P > 0.05). Chironomid s2 rose with M as is the case for most benthic invertebrates (Downing 1979) , and the sampling mean and variance of the ambient chironomid population at the time of the experiment fell near the values observed in the experimental enclosures ( fig. 1 ). The s2 of chironomid populations was always greater than M; therefore, the prey were always more aggregated than the predators.
The relationship of s2 to M for chironomids differed for enclosures with and with out predators. After 3 days, the overall relationship between s2 and M for all en closures was s2 = 9.27Af0835 (n = 22, r2 = 0.64, P < 0.001), which is quite close to the s2 of ambient chironomid populations of equivalent density and more heter ogeneous than the average benthic invertebrate population. An ancova shows that s2 of chironomids in enclosures with predators was not significantly different from s2 in enclosures without predators after 3 days (P = 0.11; fig. 1 ). After 28 days, the pooled relationship for all enclosures was s2 = 5.638M0-880 (n = 22, r2 = 0.64, P < 0.001). Chironomids in enclosures with predators were significantly more aggregated than those in enclosures without predators (ancova, P < 0.001; fig. 2 ). Although the mean ambient chironomid density (and its variance) de (r2 = 0.86: SEb = 0.104, P < 0.01). Thus, the exponent of the s2: M relationship was significantly higher in the presence of leeches than in their absence (t = 2.1A, P < 0.02). The effect of predation is most strongly expressed at high prey density, since the predictions of equations (1) and (2) are quite similar at prey densities of less than 30 chironomids per core. Prey thus tend to aggregate at high density in the presence of predators.
At no point in this experiment did we find a significant (P < 0.05) correlation between local predator and prey densities, even though predators ate between 15% and 46% of the chironomids during the course of the experiment (Rasmussen 1983 ).
DISCUSSION
The presence or absence of leech predators affects the degree of aggregation of chironomid prey. This finding agrees with much of the theoretical literature (reviews in Hamilton 1971; Ehrlich 1975; Robertson et al. 1976; Kiltie 1980) . That this is an active process and not just the predators' "eating holes" in the popula tion of a relatively sedentary prey organism is demonstrated by the lack of correlation between predator and prey abundances. Were the change in distribu tion passive, negative correlations would be seen between predator and prey abundances (Sih 1984) . If predators were able to locate prey patches or remain longer in areas where the reward rates were high, then we would have seen positive correlations between predator and prey abundances (Cowie and Krebs 1979; R. A. J. Taylor 1981; Lima 1984) . Predators appear randomly distributed at this spatial scale and were uncorrelated with the abundance of prey. This suggests that neither prey nor predator behavior dominated the interaction (Sih 1984) .
The presence of predators was correlated with higher spatial heterogeneity. The s2\M relationship seen after 3 days ( fig. 1 ) is quite close to that seen after 28 days in the presence of predators. The spatial variance after 28 days in the absence of predators is significantly lower than the relationship calculated for all treatments on day 3 of the experiment (ancova, P < 0.001). The data suggest that in the absence of predators the prey organisms develop a spatial pattern that is significantly less heterogeneous than that shown under normal conditions.
Whether prey increase or decrease their predation risk when they aggregate in high-density patches depends on many of the specific attributes of the predatorprey system involved (R. J. Taylor 1976) . If predators cannot efficiently locate areas of high prey density, if there are pronounced satiation effects that limit consumption, or if interference disperses the predators, preventing aggregation in prey-dense zones, it would be reasonable to expect increased prey survival in high-density patches (Hassell 1978) . Conversely, if prey patches can be quickly located and fully exploited by many predators aggregating within the patch, one would expect the isolated prey to have the highest survival. In fact, the proportion of chironomids eaten by Nephelopsis has been shown to decrease sharply with increased prey density (satiation) in both laboratory cultures and field enclosures (Anholt 1982; Rasmussen 1983 ). In addition, Anholt and Davies (1987) showed that feeding-related activities (including probing and other behaviors) decreased significantly after the leeches had fed. Furthermore, we have shown that the leeches were not aggregated, and that their density was not locally correlated with chironomid densities. Thus, it seems reasonable that aggregation contributes to larval survival by decreasing their risk of being eaten by Nephelopsis.
SUMMARY
Nephelopsis is a randomly distributed predator in Stephenson Pond (near Calgary, Alberta, Canada) and feeds on aggregated prey. The spatial heterogene ity of prey is highest when the leeches are present. The spatial heterogeneity of the chironomids decreased when they were released from predation, perhaps to minimize competition between the larvae. Intraspecific competition strongly af fected chironomid growth rates during these experiments (Rasmussen 1985) . Because the leeches consumed a lower proportion of larvae at higher larval densities (Rasmussen 1983) , it is likely that predation rates would be higher, and larval survival lower, if larvae did not aggregate when exposed to predation. Differences in the spatial distribution of prey were not detectable by 3 days after but appeared before 28 days had elapsed. Prey organisms were sufficiently mobile to avoid positive correlations with predators, and the predators were sufficiently tenacious to prevent negative correlations with prey. The plasticity of spatial behavior of the chironomid larvae probably contributes to maintaining this dy namic balance.
